Measurements of forces acting on a flying volleyball were done. One conclusion, which was made is, that rotation n = 8.75 rps is the breaking point in the course of the lift coefficient C L vs. revolutions n. In the measurements were used just 4 dynamometers, 2 for lift force F L and 2 for drag F D . In first part of measuring it is not considered, that any influence of torque is acting on the volleyball. Non dimensional numbers -Reynolds number Re, spin s, drag C D and lift C L coefficient are described in the article. A proposal of a new experimental set-up has been prepared. All three forces and three torque components will be observed, resulting in a whole description of force effects acting on volleyball.
Introduction
There are three forces acting on an object, drag force F D , lift force F L and side force F S . Three torques are acting on bodies in the flow in a non-symmetric case of flow "Roll" M X , "Yaw" M Y , "Pitch" M Z . Experimental data of forces acting on the flying rotating sphere were measured in many different studies and were published in the past [1] , [2] , [3] , [4] , [5] , etc.. Different approaches were used in different studies of one phenomenon. Free observation of rotating spheres, which are thrown into water, is one approach [1] . Second approach is description of flight trajectory of a volleyball in real conditions [4] . The last is [3] measuring forces acting on the volleyball fixed in a special stand in an aerodynamic wind tunnel test section. Test section set-ups of [3] and [5] are shown in Figure 1 . With this set-up, it is possible to measure all components of force acting on a ball. The special stand does not allow the volleyball to rotate. The set-up [3] allows observing only one type of flight, i.e. flight without rotation. Wind tunnel measurements can describe forces acting (forces and torques) on a rotating sphere with a high accuracy, therefore a right set-up is required. Figure 2 shows a set-up for measurement of lift force and drag force acting on a volleyball. The set-up was based on measuring forces in two directions -lift and drag. Torques and side forces were not observed. The results of the measurements will be presented in the article. The measurement set-up, which can measure all three components of force and all three components of torque, will be proposed. 5 . The ball was rotating in these revolutions: n = <0, 12.5> rps, revolutions were conducted and measured by a "stepping motor". All the values were recorded by the Labview program and evaluated afterwards by using a Matlab based program. Forces acting on a volleyball were measured firstly and then also special stand charcteristics were measured in the same conditions (v and n) as in the experiment -in purpose to deduct influence of the stand. Volleyball characteristics: I. must be spherical, II. circumference is in the range of 650 -670 mm, III. weight of 260 -280 g, IV. internal pressure 0,300 -0,325 kg/cm 2 . The volleyball MIKASA VLS 300 was measured.
Results
Results depicted in Figure 3 show (a) the drag force F D and respectively (b) the lift force F L vs. revolutions n and vs. velocity v. The basic trends are visible in Figure 3 , (i) the higher velocity of airstream the higher force (drag or lift) is observed and (ii) the higher the revolution the higher the force. The drag value is generally higher than the lift force. Coefficients of drag C D and lift C L were furthermore counted. Results are shown in Figure 4 -axis of velocity is turned. In Figure 4 is visible, that all dependences are without any significant fluctuation. Coefficient of lift grows with decreasing velocity of airstream and increasing revolutions. Another phenomenon was observed on C L dependence: the growth of C L for constant velocity (v = const., Re = const.) grows rapidly until n = 8.75 rps, for higher revolutions (n > 8.75rps) the increase is very small. The explanation of this phenomenon is: there exists a border of rotation influence on growth of the lift force. (1) and (2): , (1) , (2) The spin number is in the range s = (0 -0.41).
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Measurement improvements
An experimental set-up, which would be able to describe a complete picture of forces and torques acting on a rotating sphere (volleyball, football, other balls and sphere variants) is needed. Influence of torques and influence of side forces must be taken in consideration for a complete description of the situation. The further step will be made in an observation by measurement of forces and torques acting on a rotating sphere in different angle of the airstream -β: axis of a rotating ball is not just normal to the airstream, but has also a defined angle (β = 0 -45°). • Drag: From kinematic scheme, which can be seen in Figure 5 , a complete picture of forces ( F D , F L , F S ) and torques (M X , M Y , M Z ) acting on the rotating volleyball is defined. Based on the kinematic scheme, the real stand and frame were constructed and installed in a wind tunnel test section, depicted in Figure 6 . The measurement is prepared. 
Conclusions
Measurements of forces acting on a volleyball were performed. Results were depicted and discussed. An interesting phenomena was observed: rotation n = 8.75 rps is the breaking point in the course of the lift coefficient C L vs. revolutions n for a constant velocity v. In the second part of the observation, improvements of measurements were made: rotating stand (angle β: airstream is not normal to axis of rotation). A measurement set-up has been built in a wind tunnel test section and another measurements will be done.
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